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1
SEMICONDUCTOR CONSTRUCTIONS

TECHNICAL FIELD

Semiconductor constructions.

BACKGROUND

Problems may be encountered during fabrication of semi-
conductor constructions when large mesas of semiconductor
material are spaced from one another by regions of interven-
ing material, as described with reference to FIGS. 1 and 2.

FIG. 1 shows a semiconductor construction 10 comprising
a semiconductor material 12 patterned into a pair of mesas 14
and 16. The semiconductor material may comprise, for
example, silicon. The mesas 14 and 16 are spaced from one
another by an intervening region 20.

Intervening material 18 is adjacent the mesas and between
the mesas. Such intervening material may comprise, for
example, silicon dioxide. The intervening material 18 fills the
intervening region 20.

The mesas 14 and 16 have widths along the cross-section of
FIG. 1 of “A” and the intervening region 20 has a width along
such cross-section of “B”. The dimension “A” is much larger
than the dimension “B”. In some applications, “A” may be at
least about 400 nanometers (nm), and “B” may be less than or
equal to about 250 nm.

The intervening material 18 has stresses associated there-
with, and such stresses can induce defects within the semi-
conductor material of mesas 14 and 16. For instance, FIG. 2
shows construction 10 after thermal processing and diagram-
matically illustrates propagation of dislocations (indicated by
dashed lines 19) within the semiconductor material 12 of
mesas 14 and 16. Such dislocations may occur, for example,
during crystallization of semiconductor material 12 in a ther-
mal anneal.

In some applications integrated circuitry extends into the
semiconductor material of mesas 14 and 16. The defects
induced within the mesas may reduce reliability of such cir-
cuitry, or may even render the circuitry inoperable. Accord-
ingly, it is desired to develop architectures which alleviate
defect formation within the semiconductor material of mesas
14 and 16.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are diagrammatic cross-sectional views of a
fragment of a semiconductor construction at prior art process-
ing stages.

FIG. 3 is a diagrammatic cross-sectional view of a frag-
ment of a semiconductor construction at a process stage of an
example embodiment.

FIG. 4 is a view of the FIG. 3 fragment at a process stage
subsequent to that of FIG. 3 in accordance with an example
embodiment.

FIG. 5 shows the fragment of FIG. 4 incorporated into an
example embodiment integrated circuit.

FIGS. 6 and 7 are diagrammatic cross-sectional views of a
fragment of a semiconductor construction at process stages of
another example embodiment.

FIG. 8 is a top view of a fragment of a semiconductor
construction in accordance with an example embodiment.

FIG. 9 is a diagrammatic cross-sectional view illustrating
example embodiment regions of the FIG. 8 construction.

FIG. 10 is a diagrammatic cross-sectional view of a frag-
ment of a semiconductor construction at a process stage of
another example embodiment.
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FIG. 11 is a diagrammatic cross-sectional view of a frag-
ment of a semiconductor construction at a process stage of
another example embodiment.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

In some embodiments, semiconductor material projections
(for instance, pillars) are provided within intervening regions
between semiconductor material mesas prior to formation of
intervening materials within such intervening regions. The
semiconductor material projections alter the configuration of
the intervening material relative to the prior art configurations
described above with reference to FIGS. 1 and 2, and can
alleviate or prevent the problematic defect formation
described above in the “Background” section.

Example embodiments are described with reference to
FIGS. 3-11.

Referring to FIG. 3, a semiconductor construction 30 com-
prises a semiconductor material 12 patterned into mesas 14
and 16 analogous to those described above with reference to
prior art FIG. 1, and such mesas are spaced from one another
by an intervening region 20. The term “mesa” as utilized
herein refers to a structure elevated above an adjacent topog-
raphy; and the use herein is not intended to be rigorously
analogous to the geologic definition unless such is expressly
claimed. Thus, a “mesa” in accordance with the usage of the
term herein may have steep walls and a relatively flat top
analogous to land formations rigorously defined as mesas, or
may have characteristics more analogous to other elevated
land formations, such as hills, buttes, mountains, plateaus,
etc.

The semiconductor material 12 may comprise any suitable
semiconductor material; and in some embodiments may com-
prise, consist essentially of, or consist of silicon. The semi-
conductor material 12 may be considered to be part of a
semiconductor base; and in some embodiments such base
may be referred to as a semiconductor substrate, or as a
portion of a semiconductor substrate. The terms “semicon-
ductive substrate,” ““‘semiconductor construction” and “semi-
conductor substrate” mean any construction comprising
semiconductive material, including, but not limited to, bulk
semiconductive materials such as a semiconductive wafer
(either alone or in assemblies comprising other materials),
and semiconductive material layers (either alone or in assem-
blies comprising other materials). The term “substrate” refers
to any supporting structure, including, but not limited to, the
semiconductive substrates described above. In some embodi-
ments, the base may correspond to a semiconductor substrate
containing one or more materials associated with integrated
circuit fabrication. In such embodiments, such materials may
correspond to one or more of refractory metal materials,
barrier materials, diffusion materials, insulator materials, etc.

The semiconductor material 12 may be in any suitable
phase, and in some embodiments may be monocrystalline,
polycrystalline or amorphous. Also, the semiconductor mate-
rial may comprise multiple phases. For instance, in some
embodiments regions of the semiconductor material may be
monocrystalline, while other regions are polycrystalline and/
or amorphous. In some embodiments, the illustrated mesas of
semiconductor material may comprise conductively-doped
regions (not shown) and/or other integrated circuit constitu-
ents. In some embodiments, the illustrated mesas may com-
prise polycrystalline and/or amorphous silicon, and may be
supported by an underlying monocrystalline silicon structure
(for instance, a monocrystalline silicon wafer or chip).
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The mesas 14 and 16 are shown to have widths along the
cross-section of FIG. 3 of “A”, and the intervening region 20
is shown to have a width along such cross-section of “B”. The
dimensions “A” and “B” may be analogous to those described
above with reference to the prior art in some embodiments.
Although the mesas 14 and 16 are shown having the same
widths as one another, in other embodiments the mesas may
have different widths relative to one another.

The construction 30 of FIG. 3 differs from the prior art
construction of FIGS. 1 and 2 in that construction 30 com-
prises a projection (which may also be referred to as a pillar)
32 within the intervening region 20.

The projection 32 is narrower than the mesas 14 and 16. In
some embodiments, the projection may be referred to as
being “relatively narrow” as compared to the mesas which
may be referred to as being “relatively wide”. The illustrated
projection 32 has a width “X” along the cross-section of F1G.
3. Such width “X” is much less than the widths “A” of the
mesas 14 and 16. In some embodiments, “A” may be at least
about 3X, at least about 5X, at least about 10X, at least about
100X, at least about 1000X, etc. For instance, in some
embodiments “X” may be within a range of from about 10 nm
to about 100 nm, and “A” may be at least about 1000 nm.

In some embodiments, the mesas 14 and 16 are formed
with a photolithographic process. Such photolithographic
process may have a minimum feature size “F” due to the
wavelength of the photolithographic process and/or due to
other processing limitations. The projection 32 may be
formed with the same photolithographic process utilized to
form the mesas 14 and 16, and may have a feature size
approaching “F”’ while mesas 14 and 16 are formed to dimen-
sions much larger than such feature size. In other embodi-
ments, the projection 32 may be formed with processing (for
instance, pitch-multiplication methodology) which enables
projection 32 to be formed to sub-lithographic dimensions
relative to the feature sizes achievable by the photolitho-
graphic processing utilized to form mesas 14 and 16. In such
embodiments, the width “X” of projection 32 may be within
a range of, for example, from about 10 nm to about 40 nm.

In the shown embodiment of FIG. 3, projection 32 is
approximately centered within intervening region 20, and is
spaced from mesas 14 and 16 by gaps 34 having widths of
about “Y”. In some embodiments, “Y”*may be about the same
as “X”, and in other embodiments “Y” may be smaller than
“X” or bigger than “X”. Although the projection 32 is shown
to be approximately centered within intervening region 20, in
other embodiments the projection may be offset within the
intervening region so that one of the gaps 34 is substantially
larger than the other of the gaps 34.

The embodiment of FIG. 3 shows a single projection 32
formed within the intervening region 20. In other embodi-
ments (for instance, embodiments described below with ref-
erence to FIGS. 6, 7 and 11) there may be two or more
projections formed within an intervening region.

Referring to FIG. 4, intervening material 36 is formed
within gaps 34. The intervening material may be deposited
utilizing any suitable processing, including, for example, one
or more of spin-on processing (e.g., the material 26 may be a
spin-on dielectric), atomic layer deposition (ALD), chemical
vapor deposition (CVD) and physical vapor deposition
(PVD). In the shown embodiment, a planarized surface 37
extends across materials 12 and 36. Such planarized surface
may be formed utilizing any suitable processing, including,
for example, chemical-mechanical polishing (CMP). In some
embodiments (not shown), the material 36 may be left across
an upper surface of material 12 rather than being removed.
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The material 36 may comprise any suitable composition or
combination of compositions. In some embodiments, mate-
rial 36 may be a dielectric material; and, for example, may
comprise, consist essentially of, or consist of silicon dioxide,
silicon nitride, etc. In some embodiments, material 36 may be
a conductive material; and, for example, may comprise, con-
sist essentially of; or consist of one or more of various metals
(for instance, tungsten, titanium, platinum, etc.), and metal-
containing compositions (for instance, metal carbides, metal
silicides, etc.). If material 36 is dielectric material, such may
be utilized for electrically isolating conductive structures
within mesas 14 and 16 from one another. If material 36 is
electrically conductive material, such may be utilized as wir-
ing provided between mesas 14 and 16.

The material 36 within gaps 34 may be considered to be
configured as structures between projection 32 and mesas 14
and 16. If material 36 is dielectric material, such structures
may be considered to be electrically insulative structures. If
material 36 is electrically conductive material, such struc-
tures may be considered to be electrically conductive struc-
tures. In the shown embodiment, the structures comprising
material 36 have widths “Y” along the cross-section of FIG.
4 which are comparable to the width “X” of projection 32. In
some embodiments, width “Y” may be within a range of from
about 10 nm to about 100 nm; and in some embodiments
width “Y” may be sub-lithographic and within a range of
from about 10 nm to about 40 nm.

The projection 32 alters the configuration of intervening
material 36 between mesas 14 and 16 as compared to the
intervening material 18 of the prior art constructions of FIGS.
1 and 2. Such reduces stresses within intervening material 36
as compared to the stresses within intervening material 18 of
the prior art constructions, and may alleviate or even prevent
problems described above in the “Background” section. For
instance, construction 30 may be subjected to a thermal
anneal or other thermal treatment similar to that described
above with reference to prior art FIG. 2 without propagation
of the defects described above with reference to FIG. 2. In
some embodiments, such thermal treatment may alter crys-
tallinity within the semiconductor material of mesas 14 and
16 (for instance, may increase crystallinity within such
mesas) without propagation of dislocations or the defects that
problematically occur during analogous processing of prior
art constructions.

In some embodiments, projection 32 may have no electri-
cal function, but instead may function only as a spacer pro-
vided within intervening region 20. In such embodiments,
projection 32 may be referred to as a “dummy” projection (or
dummy feature); with the term “dummy” being utilized to
indicate that the projection has no electrical function. For
instance, FIG. 5 shows construction 30 at a processing stage
in which circuitry (not shown) associated with mesas 14 and
16 is electrically connected to other circuitry 40 and 42 of an
integrated circuit, and in which projection 32 remains as a
dummy feature disconnected from any other circuitry.

As discussed above with reference to FIG. 3, in some
embodiments multiple projections may be formed within
intervening region 20. FIG. 6 shows an example embodiment
construction 30a having three projections 32a-32¢ formed
within an intervening region 20.

FIG. 7 shows construction 30q at a processing stage sub-
sequent to that of FIG. 6 and analogous to that of FIG. 4, and
shows intervening material 36 provided within gaps between
the projections 32a-32¢. The projections 32a-32¢ may be all
be of similar size relative to one another, as shown. In some
embodiments, all of the projections may have widths “X”
described above relative to FIG. 3. In other embodiments,
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some of the projections within the intervening region 20 may
be of different widths relative to others of the projections. The
number of projections formed within intervening region 20,
and the relative sizes of such projections, may be chosen to
reduce stresses associated with intervening material 36 to
acceptable levels which alleviate or prevent formation of the
problematic defects described above in the “Background”
section of this disclosure.

If multiple projections are formed within intervening
region 20, all of the projections may be dummy projections in
some embodiments; in other embodiments only some of the
projections may be dummy projections; and in yet other
embodiments all of the projections may be non-dummy pro-
jections. In the shown embodiment, the projections are a same
height as the mesas. In other embodiments, some or all of the
projections may extend to above the mesas; and/or some or all
of'the projections may have heights less than the heights of the
mesas. Also, although the shown mesas are a same height as
one another, in other embodiments the mesas may be of
different heights relative to one another.

In some embodiments, it may be advantageous to utilize
the projections described above in specific regions of a semi-
conductor construction; such as, for example, regions periph-
eral relative to memory array regions. FIG. 8 shows a top view
of a semiconductor construction 305 having a memory array
region 50 and a peripheral region 52 adjacent to the memory
array region. The regions 50 and 52 may be comprised by a
semiconductor base, and in some embodiments may be sup-
ported by a monocrystalline silicon substrate. A dashed line
51 is provided to diagrammatically illustrate a boundary
between the memory array region and the peripheral region.
The memory array region may have repeating units of highly
integrated features (for instance, features associated with
NAND, RRAM, DRAM, etc.), and the peripheral region may
have less highly integrated features (for instance, wiring and/
or logic utilized for data communication with memory cells
of the memory array). FIG. 9 shows a diagrammatic cross-
sectional view of the memory array region 50 and the periph-
eral region 52 to illustrate examples of highly integrated
features 54 within the memory array region, and less highly
integrated features 56 within the peripheral region. The
highly integrated features 54 may be formed at a pitch
approximate to 2F (where “F” is the minimum feature size of
a photolithographic process utilized to form features 54), or
may be formed to a sub-lithographic pitch achieved through
pitch-multiplication or other methodologies. In contrast, fea-
tures 56 of the peripheral region are formed to a much larger
pitch than the features 54 of the memory array region.

The features 56 of the peripheral region have the configu-
ration of mesas spaced from one another by a gap analogous
to the configuration of FIG. 3, and may be suitable for appli-
cation of the structures and methods described herein for
reduction of defects in such mesas. Accordingly, in some
embodiments methodologies and structures described herein
are specifically utilized in the peripheral region of a semicon-
ductor construction, as opposed to the memory array region
of such construction.

The projections described above with reference to FIGS.
3-7 may be formed to any suitable heights relative to the
heights of the mesas. The embodiment of FIGS. 3-7 show the
projections formed to about the same height as the mesas, but
in other embodiments the projections may have different
heights relative to the mesas. For instance, FIG. 10 shows a
semiconductor construction 30c at a processing stage analo-
gous to that of FIG. 3, but in which projection 32 shorter than
the mesas. As another example, FIG. 11 shows a construction
304 comprising two projections 32a and 325 which are both
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shorter than the mesas 14 and 16, and which are of different
heights relative to one another.

The structures discussed above may be incorporated into
electronic systems. Such electronic systems may be used in,
for example, memory modules, device drivers, power mod-
ules, communication modems, processor modules, and appli-
cation-specific modules, and may include multilayer, multi-
chip modules. The electronic systems may be any of a broad
range of systems, such as, for example, clocks, televisions,
cell phones, personal computers, automobiles, industrial con-
trol systems, aircraft, etc.

The particular orientation of the various embodiments in
the drawings is for illustrative purposes only, and the embodi-
ments may be rotated relative to the shown orientations in
some applications. The description provided herein, and the
claims that follow, pertain to any structures that have the
described relationships between various features, regardless
of whether the structures are in the particular orientation of
the drawings, or are rotated relative to such orientation.

The cross-sectional views of the accompanying illustra-
tions only show features within the planes of the cross-sec-
tions, and do not show materials behind the planes of the
cross-sections in order to simplify the drawings.

Some embodiments include semiconductor constructions
comprising semiconductor material patterned into two mesas
spaced from one another by at least one dummy projection.
The dummy projection has a width along a cross-section of X
and the mesas have widths along the cross-section of at least
about 3X.

Some embodiments include semiconductor constructions
comprising a semiconductor base which includes a memory
array region and a peripheral region adjacent the memory
array region. Semiconductor material of the semiconductor
base within the peripheral region is patterned into two rela-
tively wide mesas spaced from one another by at least one
relatively narrow projection. The relatively narrow projection
has a width along a cross-section of X and the relatively wide
mesas have widths along the cross-section of at least about
3X.

Some embodiments include semiconductor constructions
comprising a silicon-containing base which includes a
memory array region and a peripheral region adjacent the
memory array region. Silicon of the base within the periph-
eral region is patterned into two relatively wide mesas spaced
from one another by an intervening region comprising a rela-
tively narrow projection and dielectric material. The dielec-
tric material is between the relatively narrow projection and
the relatively wide mesas. The relatively narrow projection
has a width along a cross-section of X, and the relatively wide
mesas have widths along the cross-section of at least about
3X. The dielectric material is configured as structures along
the cross-section having widths of at least about X.

In compliance with the statute, the subject matter disclosed
herein has been described in language more or less specific as
to structural and methodical features. It is to be understood,
however, that the claims are not limited to the specific features
shown and described, since the means herein disclosed com-
prise example embodiments. The claims are thus to be
afforded full scope as literally worded, and to be appropri-
ately interpreted in accordance with the doctrine of equiva-
lents.

We claim:

1. A semiconductor construction comprising a semicon-
ductor material patterned into two mesas spaced from one
another by at least one dummy projection comprising the
semiconductor material;, the dummy projection having a
width along a cross-section of X and each of the mesas having
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a width along the cross-section of at least about 3X; at least
some of the semiconductor material within the mesas being
conductively-doped.

2. The semiconductor construction of claim 1 comprising
more than one dummy projection between the mesas. 5
3. The semiconductor construction of claim 1 wherein the
dummy projection is spaced from the mesas by intervening

material.

4. The semiconductor construction of claim 3 wherein the
intervening material is dielectric material. 10
5. The semiconductor construction of claim 4 wherein the

dielectric material is silicon dioxide.

6. The semiconductor construction of claim 3 wherein the
intervening material is electrically conductive material.

7. The semiconductor construction of claim 1 wherein the 15
mesas are about a same height as one another, and wherein the
dummy projection is a different height than the mesas.

8. The semiconductor construction of claim 7 wherein the
dummy projection is shorter than the mesas.

9. The semiconductor construction of claim 1 wherein the 20
semiconductor material comprises silicon.
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